Ultraviolet A (UVA) radiation is harmful for living organisms but in low doses may 22 stimulate cell proliferation. Our aim was to examine the relationships between exposure 23 to different low UVA doses, cellular proliferation, and changes in cellular reactive 24 oxygen species levels. In human colon cancer (HCT116) and melanoma (Me45) cells 25 exposed to UVA doses comparable to environmental, the highest doses (30-50 kJ/m 2 ) 26 reduced clonogenic potential but some lower doses (1 and 10 kJ/m 2 ) induced 27 proliferation. This effect was cell type and dose specific. In both cell lines the levels of 28 reactive oxygen species and nitric oxide fluctuated with dynamics which were 29 influenced differently by UVA; in Me45 cells decreased proliferation accompanied the 30 changes in the dynamics of H 2 O 2 while in HCT116 cells those of superoxide. Genes 31 coding for proteins engaged in redox systems were expressed differently in each cell 32 line; transcripts for thioredoxin, peroxiredoxin and glutathione peroxidase showed 33 higher expression in HCT116 cells whereas those for glutathione transferases and 34 copper chaperone were more abundant in Me45 cells. We conclude that these two cell 35 types utilize different pathways for regulating their redox status. Many mechanisms 36 engaged in maintaining cellular redox balance have been described. Here we show that 37 the different cellular responses to a stimulus such as a specific dose of UVA may be 38 consequences of the use of different redox control pathways. Assays of superoxide and 39 hydrogen peroxide level changes after exposure to UVA may clarify mechanisms of 40 cellular redox regulation and help in understanding responses to stressing factors. 41 42 43 44 Ciesielska 3 45 46 48
Introduction
Ultraviolet radiation is the non-ionizing part of the electromagnetic radiation spectrum corrcoef() and scatter() to detect correlation between the values of corresponding pixels in both fluorescence images.
168
Expression of genes coding for proteins engaged in cellular redox 169 processes 170 We identified 574 genes which are directly or indirectly engaged in redox processes, 171 using GO terms such as oxide, superoxide, nitric oxide, hydrogen peroxide, ROS and 
Results

201
UVA induced proliferation changes are dose and cell-type specific 202 HCT116 and Me45 cells were exposed to a range of UVA radiation doses (0.05, 0.1, 203 0.25, 0.5, 1, 5, 10, 15, 20, 30, 40, or 50 kJ/m 2 ) and their proliferation was studied by 204 clonogenic tests. Some doses stimulated proliferation and others suppressed 205 proliferation when compared to un-irradiated controls in both cell lines, although they 206 responded differently and the doses that increased clonogenicity were specific for each 207 cell line ( Fig. 1) . HCT116 cells showed a statistically significant increase of colony Average superoxide levels showed a tendency to increase with higher UVA dose in both 234 cell lines, but the increases were not statistically significant. NO levels did not change 235 or decreased slightly with higher doses. The levels of ROS detected with DCFH-DA 236 also did not change in irradiated HCT116 cells, but Me45 cells showed small irregular 237 increases with lower doses and decreases with higher doses. This probe detects several 238 different radicals and was first used for detection of H 2 O 2 (38, 39), and it seems 239 probable that the ROS changes detected by this probe mainly reflect changes of H 2 O 2 levels. None of the differences in average levels of ROS or NO radicals between control 241 and irradiated cells were statistically significant. 243 Although the UVA doses which we used did not change the average ROS levels To evaluate the similarity between radical dynamics in UVA-irradiated and control 260 cells, we calculated correlation coefficients using Pearson's test. The dynamics of NO 261 levels did not change significantly after exposure of cells to any of the UVA doses 262 studied, and the increases and decreases appeared at similar time points in control and 263 irradiated cells. The correlation coefficients between cells irradiated with different doses 264 or not irradiated were >0.9 for HCT116 cells and >0.8 for three out of four doses in are strictly controlled in both cell lines after both stimulating or inhibiting proliferation 267 UVA doses. The superoxide level dynamics in Me45 cells irradiated with any dose were highly 271 correlated with those in control cells ( Table 1) . In contrast, in HCT116 cells this level 272 showed clear differences between the effects of UVA doses which stimulated or did not Me45 cells had a ~5 times lower level of NO than HCT116 cells but higher levels of 285 ROS detected by DCFH and of superoxide, as assayed by flow cytometry (Fig 4A) . 286 Analysis of single cells using fluorescence microscopy showed that in both cell types, The differences in response to UVA and in radical levels in the two cell lines 303 suggested that they use different mechanisms for the regulation of their redox status. To 304 get more information on these mechanisms, we compared the expression of different 305 genes coding for proteins engaged directly or indirectly in redox processes in each cell line. The expression levels of more than 500 candidate genes found on the basis of 307 ontology terms were compared using our earlier microarray data for Me45 and HCT116 308 cells (17). The full list of these genes and their expression levels are given in Table S1 309 of the Supplement. Both cell lines express many genes engaged in redox regulation and 310 expression of some of these genes is significantly higher in Me45 or HCT116 cells 311 (Tables 2 and 3) . 
242
ROS level dynamics change differently after different UVA doses
Glutathione in HCT116 and Me45 cells 327
Glutathione is an important player in cell redox regulation (36) and the gene GCLM 328 which codes for glutamate-cysteine ligase regulatory subunit, required for synthesis of 329 glutathione, is more highly expressed in HCT116 than in Me45 cells (Table 3) . We 330 therefore compared the levels of reduced (GSH) and oxidized (GSSG) glutathione in 331 these cells. The levels of total glutathione, GSH (~96% of the total), and of GSSG were 332 lower in Me45 cells, but the differences were not statistically significant (Fig 5) .
Fig 5. Levels of reduced (GSH) and oxidized (GSSG) glutathione in HCT116 and
rate-limiting enzyme in synthesis of BH4 (58) is expressed at a significantly lower level 414 in Me45 cells (Table 3) interaction of ONOOwith transition metals may be dominating.
429
Glutathione is a further important player in redox regulation, and its level is lower in 430 Me45 cells than in HCT116 cells ( Fig 5) . This could plausibly be due to the lower 431 expression of the GCLM gene (Table 3 ), or to greater use of glutathione for 432 glutathionylation of proteins since genes coding for GSTs are more highly expressed in 433 Me45 cells. As glutathione is necessary for reactivation of GPX, one could again expect 434 that the pathway engaging GPX will be also less efficient in Me45 cells. 
